Ionosphere topside sounder studies.  ii-  the calculation of the electron density and the magnetic field parameters at the alouette i orbit by Colin, L. et al.
I 
' N A S A  TECHNICAL NOTE ISASA TN D-2921 
I 
I 
N65 - 28 6 3 7 1 I 
I 
L fTMRUS e 
s 
j; 
- 
1. 
* 
-A CR OR TUX 01 A0 XUYBER) 
- _  . -  GPO PRICE $ 
PRICE(S) $ A m  W2m 
Hard copy (HC) 
Microfiche (MF) 0 a 
i 
IONOSPHERE TOPSIDE SOUNDER STUDIES 
5 
~ 
11-THE CALCULATION OF THE ELECTRON 
DENSITY AND THE MAGNETIC FIELD 
E 
M o f f a  Field, Chi$ 
~ I 
I 
UATIOWAL AERONAUTICS AN6 SPACE ABMIWISTRATIOW WASH1WCTON, D. C. JULY 1965 
~ 
, 
https://ntrs.nasa.gov/search.jsp?R=19650019036 2020-03-24T05:01:12+00:00Z
NASA TN D-2921 
IONOSPHERE TOPSIDE SOUNDER STUDIES 
I1 - THE CALCULATION OF THE ELECTRON DENSITY AND THE 
MAGNETIC FIELD PARAMETERS AT THE ALOUETTE I ORBIT 
By J. 0. Thomas, M. J. Rycroft, Margaret Covert, 
B.  R. Briggs, and L. Colin 
Ames Research Center 
Moffett Field, Calif .  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
For sale by the Clearinghouse for Federal Scientific and Technical Information 
Springfield, Virginia 22151 - Price $1.00 
TABI.3 OF CONTENTS 
Page 
S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
PRINCIpL;EOFTHEMETHOD. 0 0 0 0 0 0 0 0 0 0 0 0 2 
The Determination of the  S a t e l l i t e ' s  Position at  a Given Time . . . . .  3 
Computation of Magaetic F ie ld  Parameters . . . . . . . . . . . . . . .  3 
OutputFormats . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
SomeTypicalResul ts  . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Inaccurac i e s in  Nv .......................... 8 
I REFFJENCES ............................... 10 
TABUS ................................. 11 
i 
IONOSPHERE TOPSIDE SOUNDER STUDIES, 11: THE CALCUWlTION 
OF THE ELECTRON DENSITY AND TI MAGmTIC FIELD 
PARAMETERS AT THE ALOUEITE I ORBIT 
By J. 0. Thomas, M. J. Rycroft, Margaret Covert, 
B. R. Briggs, and L. Colin 
Ames Research Center 
SuMMAEiy 
In  a companion report  by Thomas e t  al . ,  1965, a number of d i g i t a l  com- 
puter programs f o r  reducing Alouette I topside ionograms t o  e lectron density 
prof i les  were described. 
r a t e l y  if  the  electron nunber density and the strength and direct ion of the  
ear th ' s  magnetic f i e l d  a re  known a t  the vehicle a t  t he  time when the  ionogram 
was made. 
program by means of which these quant i t ies  can be determined from t h e  
Alouette I o r b i t a l  data and from a measurement of the  frequency at  which the  
Extraordinary t race  on the  ionogram has zero range. 
t he  observations and i n  the  calculations a r e  discussed and examples given of 
some typ ica l  r e s u l t s  showing the  var ia t ion of t h e  electron density in t h e  
These computations can only be carr ied out accu- 
It i s  the  purpose of t h i s  report  t o  describe a d i g i t a l  computer 
The e r rors  involved i n  
& I  neighborhood of t he  s a t e l l i t e  a s  a function of time and location. - INTRODUCTION 
A measurement of t he  electron density, Nv, i n  the  v i c i n i t y  of t he  
Alouette vehicle i s  important f o r  t he  physics of t he  ear th 's  upper atmosphere 
since the  o rb i t  ( a t  c i r ca  1000 km above the surface of the  ear th)  l i e s  a t  the  
base of the  t e r r e s t r i a l  exosphere. The magnitude of t he  electron densi ty  a t  
the vehicle i s  a l so  an important s t a r t i ng  parameter f o r  t he  calculat ion of 
e lectron density prof i les  from topside ionograms. 
a knowledge of the  direct ion (Iv) and magnitude (h) of t h e  ear th ' s  f i e l d  a t  
the  Alouette o rb i t .  
electron densi ty  a t  t he  vehicle m y  be calculated from observations of the  
frequency (f,) a t  which the  Extraordinary ray has zero range on t h e  topside 
ionogram and how the  magnetic parameters can be derived from Alouette o r b i t a l  
data. 
described. 
r e s u l t s  a re  presented. 
(N(h) curve) from the  observed ionogram using t h e  already computed values of 
Nv, IT, and BV a r e  described i n  a companion report  ( r e f .  1). 
These computations require  
It i s  the  purpose of t h i s  report  t o  describe how t h e  
A d i g i t a l  computer program f o r  carrying out these computations i s  
The er rors  involved are discussed and f igures  showing typ ica l  
Programs f o r  computing the  electron density p ro f i l e  
The work described i n  t h i s  report  i s  an extension of t h a t  described 
e a r l i e r  by Thomas and Sader ( r e f s .  2 and 3 ) .  
important ways: F i r s t ,  more detai led o rb i t a l  prediction data which have 
recent ly  become avai lable  a re  now used and, secondly, the  mgne t i c  f i e l d  
It d i f f e r s ,  however, i n  two 
parameters a re  evaluated from the posi t ional  and a l t i t u d e  information by means 
of spherical harmonic expansion coeff ic ients  of the e a r t h ' s  f i e l d  as computed 
by Jensen and Cain ( r e f .  4 ) .  
the computations for  a given accuracy i n  the measurement of the observed 
quantity fxv. 
Both Of these f ac to r s  increase the accuracy of 
The authors wish to  acknowledge gra te fu l ly  the courtesy of s c i e n t i s t s  of 
the Canadian Defence Research Telecommunications Establishment, O t t a w a ,  
Canada, par t icu lar ly  D r .  J .  H .  Chapman and D r .  G .  L .  Nelms, who made a number 
of topside ionograms available t o  the authors i n  the ear ly  stages of develop- 
ment of thiswork. They wish a l s o  t o  thank the s t a f f  of the Radioscience 
Laboratory, Stanford University, f o r  recording ionograms. 
PRINCIPLE OF THE METHOD 
Alouette I w a s  launched by NASA on September 29, 1962, i n t o  an almost 
This polar o rb i t  i s  such t h a t  t he  
circular  o rb i t  around the  ear th  a t  a height of between approximately 1000 and 
1050 km, with an incl inat ion of 80.47O. 
s a t e l l i t e  i s  within range of any ground telemetry s t a t i o n  a t  l e a s t  twice per 
day. 
spheric sounder b u i l t  by the Canadian Defence Research Telecommunications 
Establishment and i s  essent ia l ly  an ionosonde t ravel ing a t  26,500 h / h r  . 
Those radio waves from the  swept-frequency t ransmit ter  which propagate down 
intotheionosphere a r e  reflected,  and an echo i s  received a t  t h e  s a t e l l i t e .  
A s  t he  frequency sweeps from 0.45 t o  11.8 Mc/s, t he  time delay between t r ans -  
mitted and echoing pulses i s  recorded. This information i s  telemetered t o  the  
s ta t ions l i s t e d  i n  t ab le  I, and recorded on magnetic tape. The observational 
data are then transcribed on t o  35-m photographic film; timing information i s  
simultaneously recorded. 
i s  shown i n  f igu re  1. Full d e t a i l s  concerning the s a t e l l i t e  and i t s  o r b i t  
One of the experiments aboard t h e  s a t e l l i t e  consis ts  of a topside iono- 
A typ ica l  ionogram recorded a t  Stanford University 
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Figure 1.- A dayLime topside ionogram recorded 
at Stanford University. 
together with detai led information 
about t he  experiments a r e  given i n  r e f -  
erences 2, 3, and 5 .  
To calculate  t h e  electron density 
a t  t h e  vehicle, Nv, t h e  frequency (f,) 
a t  which the  Extraordinary t r a c e  has 
zero range (i.e.,  zero time delay) i s  
measured on t h e  topside ionogram 
(Lockwood, r e f .  6; Thomas and Sader, 
r e f s .  2, 3 )  and the  magneto-ionic r e l a -  
t ionship f o r  "corresponding" f requen- 
c i e s  
X = l - Y  (1) 
2 
f i rs t  given by Appleton ( r e f .  7) i s  used. 
Y = fK/f where fg i s  the  plasma frequency, f i s  the  frequency (measured 
on the  Extraordinary ray),  and 
locat ion where the  plasma frequency i s  
the vehicle by the  subscript  v, one obtains 
In  t h i s  equation, X = f$/f2 
i s  the gyrofrequency for electrons a t  the 
and 
f H  
fN. Denoting quant i t ies  measured a t  
where e and m, respectively, a r e  the  charge and mass of the  electron, and 
eo i s  the  permit t ivi ty  of f r e e  space. The frequencies a re  measured i n  Mc/s, 
and Nv i s  the  number of electrons per cubic centimeter a t  the vehicle. I n  
these equations, fHv, t he  electron gyrofrequency a t  the  point of observation, 
i s  given by 
o r  
with h, the  magnitude of the  ear th ' s  f i e l d  a t  the vehicle, i n  gauss. 
Thus, Nv can be computed from equation (2) using the observed quantity, 
fxv, provided fHv i s  known. The l a t t e r  can be computed from equation (4 )  
if the  magnitude, %, of the  ear th 's  f i e l d  a t  the vehicle i s  known a t  t he  time 
at  which fxv was observed; Bv can be determined from a knowledge of t he  
posi t ion of the  s a t e l l i t e  as described i n  the  next section. 
The Determination of the  S a t e l l i t e ' s  Posit ion a t  a Given Time 
The s a t e l l i t e ' s  posi t ion a t  a given t i m e  may be determined from de ta i l s  
of i t s  orb i t ,  t h a t  is, from Alouette posit ional data, predicted values. The 
same procedure can be used with the  a poster ior i  o r b i t a l  data re fer red  t o  a s  
ref ined world maps. The s a t e l l i t e  Is geographic la t i tude ,  8, geographic longi- 
tude, a, and height a re  l i s t e d  a t  1-minute intervals  (universal  t i m e )  a s  shown 
i n  t a b l e  I1 i n  degrees t o  two decimal f igures .  The height, h, above the 
in te rna t iona l  e l l ipsoid,  column 010 H i n  table  11, i s  given t o  one decilnal 
figure,' t h e  posi t ion of t he  d e c a l  point being lmown implici t ly .  
It should be noted t h a t  8 i s  posi t ive t o  the  north and negative t o  the  
south, with 18 1 < 80 .47O,  t he  incl inat ion of the s a t e l l i t e ' s  o rb i t  t o  the  
ear th ' s  axis; 0 
a t  
t h a t  d i rec t ion  0 can l i e  between -0.00' and -180.00°. There is, therefore,  
a discont inui ty  i n  
i s  posi t ive t o  the east ,  measured from the  Greenwich meridian 
0 = +O.OOo, up t o  +180.00°; and 0 i s  negative t o  the  west, t h a t  is, i n  
a t  the  180' meridian. 
'It should be noted t h a t  i n  refined maps, 8 ,  0, and h 
more s igni f icant  f igures  than they a re  given i n  predicted values. 
a re  given t o  two 
3 
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Figure 2.- Diagram showing t h e  d i f fe rence  between t h e  
(exaggerated); 181 - 021 i s  about 3' for pos i t ions  
1-minute in te rva ls .  
a c t u a l  and estimated Alouette I o r b i t s  
of t h e  s a t e l l i t e  given by world maps a t  
A s  indicated i n  f igure 2, a l i n e a r  interpolat ion i n  time between two 
values 1 minute apart  i s  used t o  f i n d  t h e  values of 0 ,  0, and h a t  the time 
of the observation of fxv, which i s  found t o  kO.3 second. A t  time t, t h e  
s a t e l l i t e ' s  l a t i t u d e  i s  given, t o  a good approximation a t  low- and mid- 
la t i tudes,  by a l i nea r  interpolat ion s o  t h a t ,  f o r  example, 
with similar expressions f o r  longitude, 0, and height, h. The subscripts 1 
and 2 denote t h e  values of 0 ,  Q, or h given j u s t  before and j u s t  a f t e r  t he  
time t a t  which fxv w a s  observed. 
Signs a re  automatically cared f o r  i n  these equations i n  a l l  possible 
cases except near 0 = k1800. If Q2 i s  negative and 01 i s  posit ive,  Q2' 
should be put equal t o  360.00~ + 02. Then 
i s  calculated. For 0' < 180.00°, t h e  desired 0 i s  equal t o  Q'. For 
0 '>  180.00°, the  desired- 0 equals -360.00~ + 0 ' .  
A set of N cards containing pos i t iona l  data  f o r  a ce r t a in  pass and date 
i s  f o l l m e d  by ionogram data  cards containing the  observations of fxv taken 
a t  a ce r t a in  s t a t i o n  f o r  t h e  same pass and date. The card f o r m t  sho-vn i n  the  
lower part of t a b l e  I11 i s  used f o r  t h e  ionogram data,  and i s  s imilar  t o  t h a t  
used f o r  t h e  pos i t iona l  data. The ionogram data cover a t i m e  range of ( N  - 1) 
minutes, t y p i c a l l y  10 minutes. A l l  observations thus  l i e  within t h e  range of 
t i m e s  given i n  t h e  pos i t iona l  input data. fxv 
are possible,  s ince t h e  frame repe t i t i on  period i s  18 seconds. A t yp ica l  s e t  
of input data  i s  reproduced i n  t ab le  IV. 
Up t o  60(N - 1)/18 readings of 
Computation of Magnetic Field Parameters 
The values of 0 ,  0, and h computed using equation ( 5 )  locate  the  point 
i n  space a t  which t h e  observation was made. 
computer program furnished by NASA Goddard Space F l ight  Center calculates  t he  
magnitude Bv of t h e  magnetic f i e l d  a t  t h a t  point f r o m  i t s  three  components. 
The program uses coef f ic ien ts  f o r  a 48-term expansion i n  spherical  harmonics of 
t h e  ea r th ' s  f i e l d  (ref.  4) .  
Given these three  quant i t ies ,  a 
The predicted value data  a re  punched on t o  computer input cards i n  t h e  
format shown i n  t a b l e  111. Additional information read i n t o  the  machine and 
pr inted on the  standard output formats include: 
(1) The three-hourly Kp index of magnetic a c t i v i t y  (columns 46 and 47, 
t a b l e  111) 
( 2 )  An a s t e r i s k  if the  s a t e l l i t e  i s  i n  sunlight (column 41, t a b l e  111). 
The a s t e r i s k  appears t o  t h e  r i g h t  of t he  height column i n  t ab le  11. 
(3) Magnetic coordinates L, h i p ,  and -knv h t  computed as described 
below. 
McIlwain's ( r e f .  8) parameter L i s  defined s o  t h a t  
dipole f i e l d  
(7) 
For t h e  ac tua l  geomagnetic f i e l d ,  L i s  the analog of Req, the  distance 
i n  ea r th  r a d i i  t o  a l i n e  of force in the  equator ia l  plane f o r  a dipole repre- 
sen ta t ion  of the  ea r th ' s  magnetic f i e l d ,  of moment M, with M given by 
M = 8.06~10~~ gauss em3 = (0.311653 gauss)RE3 (8) 
i n  which RE 
taken t o  be 6371.2 km. I n  t h i s  def in i t ion , ' the  e f f ec t s  of nondipole terms a re  
included, whereas those of ex terna l  current systems, f o r  example a t  t h e  magne- 
tospheric boundary, a r e  excluded. The quantity L i s  computed by in tegra t ing  
a magnetic invariant  of t h e  charged p a r t i c l e s '  motion along the  f i e l d  l i n e  
f r o m t h e  point of observation t o  t h e  magnetically conjugate point 
(E. G. Stassinopoulos, p r iva te  communication, 1964). A pa r t i cu la r  l i n e  of 
i s  the  radius  of t he  ear th  (approximated as a sphere) and i s  
5 
force about which and along which t h e  electrons and ions a re  constrained t o  
move is specif ied by a pa r t i cu la r  value of L.  
The dip la t i tude ,  h i p ,  i s  a l s o  computed as follows. From the  three  
f i e l d  components a t  the  observational point, t he  d ip  angle, Iv, the  angle t h a t  
t h e  f i e l d  l i n e  through the  point makes with the  horizontal ,  i s  computed. (The 
d ip  angle associated with a pa r t i cu la r  Tonogram i s  used i n  the  computation of 
t h a t  electron density p r o f i l e  ( r e f .  1) .) By analogy with a dipole f i e l d ,  t h e  
d ip  la t i tude  (Chapman, r e f .  9 )  i s  defined as 
kip = a rc  tan($ t a n  Iv) (9) 
It i s  computed i n  degrees t o  two decimal f igures .  
O'Brien ( r e f .  10) introduced t h e  invariant  geomgnetic l a t i t ude ,  A, of a 
point a t  the  ear th ' s  surface f o r  t h e  observed geomagnetic f i e l d  (but by 
analogy with a dipole f i e l d )  a s  
L cos2 n = 1 (10) 
or  
I A = arc  cos -
& 
For any height, h, above t h e  ea r th ' s  surface t h i s  r e l a t ion  may be gener- 
alized, defining t h e  invariant  geomagnetic l a t i t u d e  a t  t h a t  height, hnv h t ,  
by 
2 6371.2 + h L C O S  Ainv h t  = 
6371.2 
h being i n  km. This quant i ty  i s  a magnetic l a t i t u d e  which per ta ins  t o  t h e  
en t i r e  l i n e  of force through t h e  observational point, whereas t h e  d ip  l a t i t u d e  
depends only on the  l o c a l  value of the  d i p  angle. A s  may be seen from t a b l e  V, 
these t w o  l a t i t udes  d i f f e r  by typ ica l ly  2O at  mid-latitudes, with grea te r  d i f -  
ferences occurring at d ip  l a t i t udes  above 60'. 
Output Formats 
The computer output of t he  Nv program i s  s tored on magnetic tape.  An 
example of t he  standard output print-out format, for t he  input data given i n  
t a b l e  IV, i s  presented i n  t ab le  V. 
gram, fromwhich one value of Nv i s  derived. The various magnetic coordi- 
nates discussed previously a re  a l s o  l i s t e d .  
Each row i n  t h i s  t a b l e  r e fe r s  t o  one iono- 
6 
In  order t o  study the  influence of t he  sun on Nv, the  loca l  time corre- 
sponding t o  the  universal  time and geographic longitude of the  point of obser- 
vat ion i s  calculated. The loca l  mean time, i n  hours and f rac t ions  thereof, i s  
calculated from 
@ = (universal  time) + - 
15 
f o r  Q posi t ive or negative. If t h i s  i s  greater than 24 hours, 24 hours i s  
subtracted t o  give the  l o c a l  time; t he  loca l  date i s  then the  universal  date 
+lo If t h i s  calculated I" value i s  negative, 24 hours i s  subtracted t o  
give the  loca l  time; t he  loca l  date i s  then the universal  date -1. The loca l  
date i s  printed also.  
Some Typical Results 
In te res t ing  features  of the  topside of the ionosphere a re  evident from 
studies  of ?iv alone, even when the  complete electron density prof i le  i s  
unknown. E x a q l e s  of such features  are  now considered b r i e f ly .  
The summertime diurnal  var ia t ion  of Nv, computed from ionograms teleme- 
t e r ed  t o  Stanford, i s  presented i n  f igure 3. This f igure  shows the kinds of 
var ia t ions i n  Nv 'that a re  found; Nv is  dependent on loca l  time, magnetic 
l a t i t ude ,  geographic longitude, height, solar ac t iv i ty ,  and mgne t i c  KD 
index. 
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It i s  important t o  note t h a t  t he  standard deviation of a mean v b e  of 
I--- 
+ July ------+ 
105 Stanford, summer 1963 
Dip latitude 45O-55O N I--- May ---I 
--June -4 k- June 
i l l l l i l l r ~ l r l l l l r ~ l ~ ~ ~ ~ ~  
z 
2 4 6 8 IO 12 14 16 18 20 22 24 
Local time, hr 
Figure 3.- Diurnal  v a r i a t i o n  of t h e  e lec t ron  density, N, a t  t h e  Alouette I o r b i t .  
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Figure ~ i . -  Automatic p l o t  of f, and TJ, aga ins t  
geographic l a t i t u d e ,  ca lcu la ted  from ionogram 
telemetered t o  O t t a w e  on November 10, 1962, 
pass number 532, Kp = 2 - . 
A n  automatic p l o t t e r  i s  programmed 
t o  p lo t ,  on option, Nv against  any of 
t h e  several  types of l a t i t u d e  or longi- 
tude. Figure 4 i s  a t y p i c a l  graph of 
both f,, and Nv versus geographic 
l a t i t u d e  f o r  t he  pass considered ear- 
Inaccuracies i n  Nv 
2.0 - 
In 
0 
\ 
= 1.0 
r 
3 x 
tude for ionograms telemetered t o  three  
s t a t i o n s  during a s ingle  pass of t h e  
s a t e l l i t e  
The daytime monotonic decrease of Nv 
with increasing l a t i t u d e  i s  apparent 
f r o m t h i s  f igure.  A t  d ip  l a t i t u d e s  
i s  presented i n  f igu re  3.  
Fi r s t ,  it should be noted t h a t ,  f o r  computing the s a t e l l i t e ' s  position, 
predicted r a the r  than ref ined value o r b i t a l  d e t a i l s  a r e  used. The discrepancy 
between these two values i s  t y p i c a l l y  L-3 km, and i s  thus not important here.  
It i s  assumed t h a t  nei ther  t h e  predicted value nor the  ref ined value s a t e l l i t e  
position d i f f e r s  systematically from t h e  t r u e  position, nor t h a t  there  i s  any 
s ignif icant  e r r o r  i n  the  time of the ionogram as recorded on the  film. 
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Second, i n  order t o  f i n d  t h e  s a t e l l i t e ' s  posi t ion a t  any instant ,  a l i n -  
ear  interpolation i n  time i s  used between geographic l a t i t u d e  and longitude 
8 
- I t o  consider inherent e r ro r s  i n  the  com- 
0% putation of Nv and t o  estimate t h e i r  
I I  
*. magnitudes. 
%. The time associated with a pa r t i c -  
-- h. 
oh. 
%- u l a r  frequency marker on an ionogram i s  * recorded t o  L-0.3 see on t h e  f i lm.  From 
t h i s ,  i f  a 1 Mc/s2 sweep r a t e  i s  
assumed, the t i m e  a t  which a par t icu lar  
I 1  
coordinates given a t  1-minute intervals .  A s  t he  s a t e l l i t e  moves northward 
from t h e  equator, t y p i c a l  differences i n  l a t i t ude  and longitude between these 
1-minute in te rva ls  a re  given i n  t ab le  V I .  It is  evident f romthe  manner i n  
which these differences change with l a t i t u d e  t h a t  a linear interpolat ion i n  
time w i l l  lead t o  grea te r  e r ro r s  a t  higher le t i tudes.  The l i nea r  interpola- 
t i o n  i n  l a t i t u d e  leads t o  an e r ro r  i n  l a t i t u d i n a l  posit ion of l e s s  than 210 km 
f o r  geographic l a t i t u d e s  up t o  6 5 O ,  whereas tha t  i n  longitude leads t o  an 
e r r o r  i n  longitudinal posit ion of less than 210 km f o r  geographic l a t i t u d e s  up 
t o  40°. A n  e r r o r  i n  posit ion of t-10 km i s  ref lected as an e r ro r  i n  the  mag- 
n e t i c  f i e l d  a t  t he  observational point of less  than k0.l percent, thus,  fHv  
i s  t y p i c a l l y  i n  e r r o r  by f O . 0 0 1  Mc/s. Differentiating equation (2) shows t h a t  
t h i s  causes a negligible e r ro r  i n  Nv of only k O . l  percent, or 20 per cc, f o r  
t y p i c a l  mid-latitude daytime conditions. 
For l a t i t u d e s  between 40° and 6 5 O ,  t he  error  i n  longitudinal posit ion is  
because l i n e s  of constant t o t a l  magnetic f i e l d  i n t e n s i t y  a re  nearly par- 
greater  than 5 0  km. However, t h i s  i s  not ref lected as a serious e r ro r  i n  
f H v  
a l l e l  t o  p a r a l l e l s  of l a t i t ude .  
curacy could become more than 100 km, with an associated e r r o r  i n  B, of up t o  
f O . O 1  gauss, or i n  the computed lav, of up t o  f0.001X105 per cc. 
A t  l a t i t udes  near 7 5 O ,  t he  posi t ional  inec- 
Hence, t he  interpolat ions used i n  finding t h e  value of t h e  mgne t i c  f i e l d  
a r e  e n t i r e l y  rdequate r,t a l l  l a t i t u d e s  concerned, f o r  the determination of Nv 
t o  considerably b e t t e r  than k O . O l X l O 5  per cc. 
The accuracy t o  which f, may be read i s  now considered. Recourse t o  
f igure  1 shows the width of t h e  Extraordinary t r a c e  near fxv t o  be t y p i c a l l y  
0.05 Mc/s; a strong case can be made f o r  reading 
t race.  The frequency i s  found by l i n e a r  interpolation between the  frequency 
markers on e i t h e r  s ide of t he  t race,  usually t h e  0.3 and 1.5 Mc/s, or 1.5 and 
2.0 MC/S, mrke r s .  
fm a t  t h e  center of t h e  
The f i l m  i s  conveniently reed $;?en an enlarged image of each ionogram i s  
projected and a d i g i t i z e r  i s  used which produces t h e  h ' ( f )  data on punched 
cards. The ty-pical e r ro r  i n  s e t t i n g  the  d i g i t i z e r  on t h e  frequency f, and 
the  nearest  frequenc markers on each s ide of fxv i s  0.02 Mc/s, causing a 
t y p i c a l  e r r o r  of f /- k0.035 Mc/s i n  fxv. The e f f e c t  of t h i s  e r r o r  
on t h e  computed Nv i s  shown i n  t a b l e  VI1 for t y p i c a l  day and night condi- 
t i o n s  above various s t a t ions  (having different  values of t he  gyrofrequency a t  
1000 km). The electron density a t  t he  Alouette I o r b i t  is  thus found t o  an 
accuracy of approximtely +O .01X105 per cc, e f fec t ive ly  determined by t h e  
accuracy t o  which fxv may be read, so t h a t  t h e  standard deviation of t h e  
points i n  f i g u r e  3 ( k O . O k l O 5  per cc) i s  due mainly t o  var ia t ions i n  t h e  
ionosphere. 
Ames Research Center 
National Aeronautics and Space Administration 
Moffett Field, Calif., Mar. 2, 1963 
9 
REFERENCES 
1. Thomas, J. O.,  Briggs, B. R., Colin, L., Rycroft, M. J., and Covert, 
Margaret: Ionosphere Topside Sounder Studies, I: The Reduction of 
Alouette I Ionograms t o  Electron Density P ro f i l e s .  NASA TN D-2882, 1965. 
2. Thomas, J. O., and Sader, A. Y.: Alouette Topside Soundings Monitored 
a t  Stanford University. 
Electronics Lab., Stanford University, 1963. 
Tech. Rep. 6, NASA Grant N s G  30-60,'Stanford 
3. Thomas, J. O., and Sader, A. Y.: Electron Density a t  t h e  Alouette O r b i t .  
J. Geophys. Res., vol. 69, no. 21, Nov. 1964, pp. 4561-81. 
4. Jensen, D.  C., and Cain, J. C . :  An Interim Geomagnetic Field.  J.Geophys. 
Res ., vol .  67, no. 9, August 1962, p. 3568. 
5. Canadian Defence Research Telecommunications Establishment: Alouette, 
S a t e l l i t e  1962 Beta Alpha One. 
O t t a w a ,  Canada, 1962. 
Canadian Defence Research Board, 
6. Lockwood, G. E. K.: Plasma, and Cyclotron Spike Phenomena Observed i n  
Top-Side Ionograms. Can. J. Phys., vol.  41, no. 1, Jan. 1963, pp. 190-4. 
7. Appleton, E.  V.: Wireless Studies of t h e  Ionosphere. J. I n s t .  Elec. 
Engr., vo l .  71, 1932, p. 642. 
8. McIlwain, Carl E.: Coordinates for Mapping the Distr ibut ion of Magneti- 
ca l ly  Trapped Part ic les .  J. Geophys . Res., vol. 66, no. 11, Nov. 1961, 
pp. 3681-91. 
9. Chapman, Sydney: Geomagnetic Nomenclature. J. Geophys. Res., vol. 68, 
no. 4, Feb. 1963, p. 1174. 
10. O'Brien, B. J.: 
Radiation. 
A Large Diurnal Variation of t he  Geomagnetically Trapped 
J. Geophys. Res., v o l .  68, no. 4, Feb. 1963, pp. 989-95. 
10 
TABLE I.- TOPSIDE SOWER !E3I;EMETRY STATIONS 
Sta t ion  locat ion 
Antofagasta, Chile 
Blossom Point, Maryland 
Boulder, Colorado 
College, A l a s k a  
E. G r a n d  Forks, Minnesota 
Fort  Myers, Flor ida 
Hawaiian Is lands 
(South Point)  
O t t a w a ,  Canada 
Prince Albert, Canada 
Quit  0, Ecuador 
Resolute Bay, Canada 
St. Johns, Canada 
Santiago, Chile 
Singapore, lk laya  
South At lan t ic  
(Falkland Is.) 
Stanford, Cal i fornia  
Winkfield, England 
Woomera, Austral ia  
Geographic 
l a t  it ude 
-23.62 
t-38.43 
+40 eo1 
64.87 
t-47.95 
+26 -55 
+18 -93 
4 5  .40 
+53 022 
-00.62 
t-74.67 
+45 057 
-50 . 46 
-101.32 
-51.75 
t-37.43 
-31.10 
+51.45 
NOTE: + = North, - = South fo r  l a t i t ude  
+ = E a s t ,  - = West for longitude 
Geographic 
longitude 
-70 -27 
-77.07 
-105 25 
-147.80 
-97.08 
-81.87 
+155 -68 
-75 -72 
-105 -93 
-78.58 
-93 -00 
-52 41 
-75 2 6  
+103.82 
-57 093 
-122.16 
-00.42 
-136.78 
NASA code 
AGASTA 
BPOINT 
BOUltDR 
C O U G E  
GFORKS 
FTMYRS 
SPOINT 
mMR 
lOTTWA 
2PRINC 
QUITOE 
lRSLUT 
NEWFLD 
SNTAGO 
SNGPOR 
SATLAN 
STNFED 
wJTm?LD 
OOMERA 
Gyrofrequency 
a t  1000 Inn 
f r o n  B, L map, 
Mc/s 
0 -501 
.982 
994 
1.038 
1 *055 
879 
.644 
1 .o27 
.588 
1.08 
-971 
*532 . 722 
1 .O66 
-641 
-854 
.882 . 764 
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T A B U  11.- ALOUETTE POSITIONAL DATA - PREDICTED VALUES 
s 27 WORLD MAP 
PASS NO. 00582 OF SATELLITE 62491 . DATE 621110 
205822 119.88 00 .OO 010304* 
DATE 621110 
TIME LONG. U T .  010 H. 
KRMISE DEG. DEG. KM. 
205900 120.02 02.11 010305* 
210000 120.34 05.48 010307* 
210200 121.00 12.24 010315* 
210400 121.71 18.98 010326* 
210500 122.10 22.34 010332* 
210700 122.99 29.05 010347* 
210800 123.50 32.39 010354* 
210100 120.66 08.86 010310* 
210300 121.34 15.61 010320* 
210600 122.53 25.69 oi0340* 
210900 124.06 35.73 010362* 
211000 124.70 39.06 oi0370* 
211200 126.26 45.69 010385'~ 
211100 l25.43 42.38 010377* 
211300 127.24 48.99 010392* 
211400 128.38 52.27 010399* 
2 l l 5 O O  129.75 55.54 010405* 
211600 131.41 58.77 010410* 
211700 133.46 61.98 010414* 
211800 136.04 65.13 010416* 
211900 139.38 68.22 0104163~ 
212100 149.89 74.03 oio4io* 
212300 170.60 78.72 010396* 
212600-133 .90 79.69 010363* 
212000 143.82 71.20 010414* 
212200 158.44 76.59 010404* 
212400-172.73 80.12 OlO387* 
212500-152.88 80.48 010376* 
212700-119.01 77.96 010350* 
212800-108.40 73-64 010336* 
TIME LONG. U T .  010 H. 
H M S E  DEG. DEG. KM. 
213700-080.46 47.70 010226* 
213800-079.54 44.39 OlO2l5* 
214000-078.06 37.72 OlOl92* 
213900-078.75 41.06 010204* 
214100-077.44 34.37 010179* 
214300-076-41 27.65 010153* 
214200-076.90 31.02 0101663~ 
214400-075.96 24.28 010140* 
214500-075.54 20.90 010128* 
214700-074.80 14.13 010106* 
214800-074.43 10.74 010098* 
214900-074.12 07.34 OlOO9l* 
214600-075.16 17.52 010117* 
215000-073.80 03.95 010085* 
215100-073.48 00.55 010082* 
215200-073.17-02.83 010080* 
215300-072.85-06.23 010081* 
21~400-07~.52-09.62 010083" 
215500-072.18-13.01 010087* 
215600-071.83 -16.40 010098* 
215800-071.05-23.18 010109* 
220100-069.60-33.29 oioi42* 
220200-069.01-36.65 oioi54* 
220300-068.34-40.00 0101673~ 
220400-067.58-43.33 010180* 
220500-066.71-46.65 010192* 
220600-065.69-49.96 010203* 
215700-071.45-19.79 010100* 
215900-070.61-26.55 OlOll9* 
220000-070.13-29.93 OlOl3O* 
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TABU 111.- INPUT FOR Nv PROGRAM 
PASS D A m  TlME LONG LAT 010 H * 
-DY HRMNSC 
1111 1111112 2222222 223333 3333334 4 444444 
X X X X X X  X X X X X X  X X X X X X  t-XXX.XX +XX.XX BOXXXXX A BBBBAA 
123456 7890123 4567890 1234567 89123 4567890 1234567 
FORMAT (16,2( 13, 12,121 J7.2,F6.2!,F7 4 ~ 1 ~ ~ 6 )  
PASS 
123456 
X = DECIMAL DATA 
B = BUNK 
A = HOLLERITH INFORMATION 
* = SUNLIGHT INDICATOR, * ORB 
DATA IS  RIGHT JUSTIFIEB I N  ITS FIELD 
DATE TIME FXV STATION 
Y W D Y  HRMNSC 
1111 1111112 2222222 22333333333344 444444 
7890123 456789 1234567 89012345678901 234567 I 
POSITIONAL DATA 
IONOGRAM DATA 
. 
TABLE 1V.- INPUT DATA FOR P A S S  NUMBER 582, DATE.621110  
000582 621110 213500-082.81 54.27 010247* 
000582 621110 213600-081.53 51.00 oio237* 
000582 621110 213700-080.46 47.70 010226* 
000582 621110 213800-079.54 44.39 0102153t 
000582 621110 213900-078.75 41.06 oi0204* 
000582 621110 214200-076.90 31.02 010166* 
000582 621110 214300-076.41 27.65 oioi53* 
Positional data 000582 62111.0 214000-078.06 37.72 OlOl92* 
000582 621110 214100-077.44 34.37 010179* 
000582 621110 214400-075.96 24.28 010140* 
000582 621110 213512 
000582 621110 213530 
000582 621110 213548 
000582 621110 213606 
000582 621110 213624 
000582 621110 213642 
000582 621110 213700 
000582 621110 213718 
000582 621110 213736 
000582 621110 213754 
000582 621110 213812 
000582 621110 213831 
000582 621110 213849 
000582 621110 213923 
000582 621110 213943 
000582 621110 214001 
000582 621110 214019 
000582 621110 214037 
000582 621110 214053 
000582 621110 214113 
000582 621110 214132 
000582 621110 214i.50 
000582 621110 214208 
000582 621110 214226 
000582 621110 214244 
000582 621110 214302 
000582 621110 214338 
000582 621110 214356 
Ionogram data 000582 621110 213907 
1-55 
1.65 
1.65 
1.67 
1.65 
1.65 
1.61 
1.61 
1.61 
1.59 
1-59 
1.58 
1.57 
1-57 
1-57 
1.58 
1.54 
1.51 
1-53 
1-53 
1.53 
1*55 
1.55 
1.53 
1.52 
1.51 
1.51 
1.50 
1.64 
2- 
2- 
2- 
2- 
2- 
2- 
2- 
2- 
2- 
2- 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
OTTAWA 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
ul intnln+f m m  N N rl d 0 rnmco r-ul n n f  m N d 0 mcoul in 
d r l d d d d r l d d ~ r l d d 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
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TABLE V I . -  GEOGRAPHIC LATITUDE AND LONGITUDE DIFFEREXCES BETWEEN VALUES AT 
ONE-MI= IJTCERVfiS FOR A NORTHWARD PASS OF ALOUETTE I (NASA PREDICTED 
VALUES) 
Nighttime , 
N, = 0 . 0 5 ~ 1 0 ~  per cc 
fxv, mv/Nv, 
MC/S percent 
fHv, Mc/s 
~~ 
Geographic 
la t i tude ,  N, 
deg 
5 
15 
25 
35 
45 
55 
65 
75 
Daytime, 
N, = 0.20x10~ per cc 
fXV, AN,/NV, 
MC/S percent 
Lati tude 
difference, 
deg 
0.6 
-9 
1.2 
Long it ude 
difference,  
deg 
1.00 
1.47 
1.23 
3 dt0 
3 039 
3 -37 
3 035 
3 *31 
3.24 
3 .09 
2 .2 
1.60 
1.80 
2 .oo 
0 .32 
035 
.46 
.64 
096 
1.6 
3 01 
15 
7.6 
5 - 8  
6 .o 
TABLE V I 1 . -  ERRORS I N  N, CAUSED BY AN ERROR OF k0.035 Mc/s I N  fxv FOR 
VARIOUS VALUES OF f, AND f H v  (THOMAS AND SADER, REF. 2)  
12.1 
13 .4 
15 .o 
16 NASA-Langley, 1965 A-2035 
